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ABSTRACT

Ten tipping bucket rain gauges have been installed at the NASA

- WSTF for the purpose of determining rainfall characteristics in this
area which may affect the performance of the NASA Tracking and Data
‘Relay Satellite System (TDRSS). This paper presents a plan for anal-
yzing and utilizing the data which will be obtained during the course
of this experiment. Also included is a description of a computer pro-
_gram which has been written to aid in the analysis..
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1.0 INTRODUCTION _

During. late April and eafly May, ten. tipping.bucket rain gauges
and event recorders were installed at the NASA White Sands Test
Facility for the purpose of gathering detailed rainfall data at one
of the potential Tracking and Data Relay Satellite (TDRS) Ground Sta-
tion locations. A description and data collection plan for this
experiment was published previously in a MITRE Working Paper and is
feproduced'in Appendix I of this document. The remainder of this
report presents .a plan for utilizing the data which will be collected
dﬁring the course of the experiment. Since no data became available
during the course of MITRE's contracﬁ with NASA, there are no actual

results to be reported.

" Sectien 2.0 presents a brief descriptien of the equipment which
is installed at the WSTF, The format of the chart recordings from
the rain gauges and instructions_for converting this recorded raw data
to rainfall rate data are given in Section 3.0. Also given in Section
3.0 is a description of a computér progrém which will reduce the rain
gauge raw data and display it in tables in the form of rainfall rate,
attenuation, and total accumulation. The program is listed in Abpen—
dix I1. - Finally, Sectién 4.0 presents suggested techniques for fur-
ther processing of the data to determine antenna site diversity
. .improvement,'characte;isgics of storms, correlation with the radiometer

" . at WSTF and optimumkpberational procedures,



2.0 DATA COLLECTION EQUIPMENT ‘
This section discusSes the rain gauge and chart recorders that

were selected for use at WSTF. A brief sket@h of how this equiﬁment

opefates is necessary in order to understaﬁd:the techniques that will

be used to process the raw data obtained from the rain gauges.

2,1 Tipping Bucket Rain Gauge

The rain gauge which was acquired for use in this experiment is
the P501-1 Remote Recording Rain Gauge manufactured by Weather Measure
Corporation of Sacramento, California. The gauge consists of a small
bucket which collects rain as it falls. When 0.01 inches of rain is
collected, the bucket tips emptying the rain accumulation and momen-
tarily closing a mercury switch. The advantage of this type of gauge
is that rainfall accumulatlon can be measured without the need to read
the gauge and empty it after each rainfall. Also, rainfall rate can
‘be determined by recordlng the elapsed time between tips of the bucket.
Rainfall rates in excess of 10 inches per hour can be resolved with

this tipping bucket gauge.

2.2 'Long Term Event Recorder

The mercury switch on the rain gauge, which is closed for each
tip of the rain bucket, is used to activate a solenoid on a P522 long
term event recorder made- by the same manufacturer as the rain gauge.
The recorder nofmally has a chart speed of 1/4 inch per hour but has
beeﬁ modified by the manufacturer to a speed of 2 inches per hour.
Since the primary interest in this experiment is the determination of
rainfall rate, this high chart speed was necessary in order to read,
with any reasonable degree of detail, the time between tips of the
bucket. An even higher speed would be desirable, but would cause the
"chart to need replacement more often. than the 12 day interval now
necessary and thus a chart speed of 2 inches per hour is somewhat of

a compromise, - ‘ J— .



3.0 PROCESSING OF RAW DATA |

© This section describes the format of the raw data, explains how
to convert these data to rainfall rates, and describes a computer
program which has been written to accomplish this conversion and

print out tables that can be used to analyze the data.

3.1 Format of Chart Recordings

‘The paper on the chart recorder that is uséﬁ with the rain‘gauge
is a 49 foot roll, two inches wide. The recorder has been modified
for this project so that the chart speed is two inches per hour, The
chart, a sample of which is shown in Figure 1, has a division every
one-eighth inch corresponding to an elapsed time of 3.75 minutes. An
event (i.e.,, a tip of the rain gauge bucket) 1s recorded by a vertical
- movement of the peh across the width of the chart. There are twenty-
five divisions-across this two-inch chart and each event moves the pen
by. one-half division. Therefore, fifty events are recorded by a two-

inch movement of the pen across the chart.

SO 5650 DR R B OO S R
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FIGURE 1

EXAMPLE OF STRIP. CHART



3.2 Conversion to Rain Rate

The,conversion'ofrthe~raw data on the chart recorder to rainfall
~ rate is accomplished by noting that for every 0,01 inch of rain which
is collected by the rain gauge, the pen moves by one-half division on
the vertical scale of the chart. By measuring the time in hours
between two such movements of the pen and dividing 0.01 by this time,
" the rainfall rate in inches per hour is determined. Unfortunately,
the speed of the chart is so slow that it would be rather diffiecult
to accurately measure the time between events as well as the absolute
time of each event. Thus the procedure described below is recommended .
and should simplify the data reduction and processing although some
accuracy may be sacrificed at the very low rain rates. Since these
low rain rates are not really of interest, there should be no major

problems, -

The techﬁique suggested for use is as follows. In the horizontal
or time dlrectlon, the chart is divided 1nto one-eighth inch incre-
ments correspending to an elapsed time of 3.75 minutes. By counting
the number of events (i.e., tips of the rain gauge bucket) within each
division, multiplying by 0.01 inches of rainfall and dividing by .0625
hours (3.75 minutes) the average rainfall rate in inches per hour for
that period of time will be determined. If this same procedure is
followed for each of tﬁé ten rain gauges, then the time period can be

easily correlated betWeen the rain gauges by just recordlng the initial

" time at which data is taken. It is also necessary that the chart be

properly marked when the paper is changed. Appendix I contains all of

the details on field servicing the recorders.

3.3 Computer Program

A computer program has been written that will accompllsh the above

procedure. Thls program is llsted in Appendlx II and contains namerous

]



comments -and detailed instructioﬁs for preparing the data cards. Since
at the -tine this report was writtenm, there were no data available from
the rain gauges, a set of dummy data was prepared in corder to test the
program. -Table I shows a llstlng of the results of running the program
with -this .dummy data. Notice that all of the data starts at the ear-
liest -time .that rain was recorded at any of the ten gauges and continues
until the -rain ends at the last gauge. Even if some gauges did not
receive -rain, -they are still shown with all of the rain rates shown as
zero. 53y:scanning across the page at a common time, a quick idea can
be had as to how the rain rate varies over the area in which the rain

gauges are set up in.

Thg sane dﬁta.is alsc presented in another feorm in Table II. In
‘;hig‘ggb;gJ all of the rain rates have been converted to the attenua-
tion that a 15.3 Gﬂz signal would experience on a 9.35 km path through
.a ;g;nfgiinwith a ‘constant rate given by the value in Table I. The
9.35 km path length éo;résponds to an earth-to-satellite path with a

20 degree glgvaticn angle, assuming a stbrm.height of 3.2 km. Notice

‘;é}ff@r;ngf

Finaiiy, the amount ©of rainfall that was recorded at each gaugé
is e@lgg;ated and prlnfed An. example from the dummy data is shown in
- Table ITII. This tabie can quickly .illuminate factors such as storm
movement, For example, if two gauges receive the same amount of rain-

fall but have vastly different rainfall rates, then it is likely that

This p;qg;ém can form the basis for a quick look at each storm

and can be expanded later when some actual data are.available.
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TABLE III

EXAMPLE OF PROGRAM OUTPUT IN TOTAL RAINFALL
: ~ ACCUMULATION PER GAUGE

KAIN GAUGE NUe 1 Ca4Z INCHES
KAIN GAUGE NCo . 2 0at5 INCHES
RAIN GAUGE NUs 3 2412 INCFES
RAIN GAUGE NOw 4 Ce25 INCFES
CRAIN GAUGE NUs 5 Ce00 INCHES
KAIN GAUGE NGe & Co5C INCFES
RAIN GAUGE NOJe = 7 Cu5C INCHES
RAIN GAUGE NO. 8 0400 INCFES
PAIN,GAUGE NOu . 9 Q.24 INCHES

: Redh GAUGE NCe . 10 1407 INCFES

RAIN ACCUMULATfONS FOR EACH GAUGE



4.0 ,STATISTICALHANALYSISA~~rm
‘This‘section presents a plan for detailed analysis of the data
from the ten rain gauges at WSTF. Because no data became available
during the contract period, it was not possible to do any of the actual
analysis. 1In all probability, it will be necessary to modify some of
the procedures suggested below when the data becomes available. It is
also probable that by examining the data (i.e., the computer printouts
described in the previous section) other important parameters of the
rainfall can be determined. ' '

-

4.1 Diveréity Improvement

One of the most important pieces of information to be learned
from }his experiment is the performance improvement to be gained by
‘site‘diversity. For a single-}giﬁ éauge a-distribution can be made by
plotfing the number of hours a given rain rate is exceeded. The
-resulting curve would have the form of Figure 2, If the same proce-
dure is followed for twa.gauges except that the gauge with the lowest
~value of rain rate (and/or attenuation) is used in any given time
period, a curve such as that in Figure 3 can be drawn. This curve,
marked "best of either gauge' represents the performance to be expected
if two ground stations were in communication with one satellite and the
station with the lowe:;agtenuaticn-(rain rate) were used. It also
assumes that the ré;p;rate redofded at a particular ground location is
- walid throughout the entire path length. Methods for testing this
assumption will be given below. 7 ‘
3

The above analysis can be carried further to three stations if it
éppeats profitable when the data is available and examined. The tech-
‘nique would be identical except that the one station out of the three E

with the lowest rain rate would be used.
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Notice also that there are 45 combinaﬁions of the 10 rain géuges
:‘taken two . at a-time‘and~thereforE‘the output of the computer program |
desﬁribed in the ﬁrevious section should be scanned before performing
these caleculations. This should be ddne because, for example, it may
be clear from inspection that there will be very little improvement

or that the improvement is so good that it need not be plotted.

4.2 Correlation with the Radiometer

The four rain gauges that are under the path of the radlometercl)
should prov1de valuable information on the relationship between rain-
fall rate and attenuarion and on the variation of rainfall rate over

the path.

" The rainfall rate attenuation model(z) .that has been used has

-assumed that the attenuatlon is related to rainfall rate by
¢ A (ab) = .039rY 155 p

where

I

. the rainfall rate in mm/hr o . ' _ -

ro
n

- the path length in km

. the attenuatiou in db

n

" By comparlng the attenuatlon as recorded by the radiometer with the
attenuation calculated by using the above formula and the rainfall

‘rate from the gauges (both 1nd1v1dually and.averaged over the path),

- an idea as to the validity of this formula for the WSTF can be obtained.

This correlation should be performed in two different ways.

First, the attenuation can be compared over very short three-to-
 -four-minute intervals, Secondly, the attenuation distributions for a’
period of several months Or more can be compared. It may turn out

that even if the results.do not agree over short intervals, they may .

12



agree over iong tiﬁe beriods-which is the most important consideratioﬁ
from;éuéyéiéﬁ dégigﬁ'pbinﬁ-of view. it-Héé'alféédy beenreéfabiished
that the rainfall rate attenuation model closely approximates the
radiometer results for the excessive short duration rainfall statis-

tics.(l)‘

One of the necessities in modeling rainfall is to assume that the

rainfall rate along the entire path is constant. The rain pauges at

. WSTF 'should prove useful in checking the validity of this assumption.
Since there are two essential straight line paths in the layout of the
rain gauges (see Figure 4 in Appendix I), this assumption can be

checked for two different directioms. In particular, the average rain--
‘fall along the path should be compared to each of the individual rain
-gauges to determine how much error there is when using this assumptiomn.
Of particular interest will be how the rainfall rate distribution of

.~ the. average of all of the rain gauges compares to the rainfall rate
distriﬁution of the average'of just those rain gauges over the path,
These distributions should be obtained over a period of several months
or more (i.e., 20 of more storms). If these distributions have good
‘agreement, then the model assumption of constant rainfall rate should
be valid even if this does not appear to be true on a short term
basis. _ - A

4.3 Size, Shape and Motion of Storms

- Due to the proximity of the mountains to the proposed NASA site
at WSTF, it is very desirable to obtain an accurate idea cof the size,
shape and motion of the storms in this area. These results will help

to determire which actual locations are best for the antenna locations.

‘The size of the storms are important because if it «can be deter-
mined that a high percentage of the storms in this area are of limited

-extent, then it may be possible te locate the ground antennas far enough

13
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apart that two antennas will not be affected simultaneously, The

definition of size should bé based on some acceptable low rain rate

- since rainfall rates which produce attenuation well below the power

margin built inte the TDRSS system will have no appreciable effect on

the performance of the system.

A desirable method for displaying this information would be to
develcp contours on a map cf regions corresponding to a rain rate
that would just produce attenuation equal to the weather margin built
into the system. It may turn out that for many stofms this area will

be so small as to not cause any severe problem.

In a similar manner the shape of the storms in this area may

.affect the placement of the antennas. For example, if the mountains

cause certaln regions of the storm to be narrower than others, it

would be desirable to have the path from the ground antenna to the
satellite pass through'these narrow regions. There may be a tradeoff

- between siting the antenna based on the size of storms and siting the

antenna based on the shape of storms. Until some actual data is

, avallable, however, it is difficult to predict the magnitude of these

various effects.‘
When the size of the storm‘is de:ermined, the shape of the storm

will also be determinéd providing there is enough resolution (i.e.,

‘enough rain gauges spaced closely together.) After examining a num-

ber of étorms it may be desirable tog change the location of some of
the rain gauges to obtain a better idea of the shape of storms in '
regions where it appears that there may be anomolies in the shape due

to the mountains.

14



The motion of the storms can probably be best determined by mak-
‘ring~the»cont0urs desc;ibed-above-atuvarious times and observing the
direction that the storms seem to Ee moving. It may also be possible
to ascertain the motion of ﬁhe storms by scanning the output of the
computer program (Table I). If a repeatable pattern for the motion
of storms, either on a yearly or seasonal basis, is determined, then
this may influence where the sites are placed or how the system is

operated during various times of the year.
It may be possible to write a computer program to automate some
of these procedures after the data from a number of representative .

. storms is available.

4:4 Simulation of Operatrional Strategies

One of the uses for the data which is gathered could be as inputs
to a simulation model to study the operational characteristics of the
‘system. For example, the three antenna sites could be simulated and
various operatiomal éwitching strategies could be evaluated. Some of
the questions which might be énswered are: 1is the best performance
obtained by switching antennas when a critical rain rate is reached,
or is it better to wait for the weather to clear? At what rain rate
shoﬁld antenna sites be ;witched? What time of day is it best to do
the-maintenance? Whigh éntgnna site should be the spare?

All of these questions can better be answered after the rainfall

data is available.

15



" APPENDIX I

DESCRIPTION AND DATA COLLECTION FOR WSTF RAIN GAUGE EXPERIMENT

This appendix has been published as a MITRE Working Paper,
WP- 10224, on 15 February 1973. It presents a plan for installing
and.-servicing the rain gauges at WSTF. The locations of some of the
rain gauges were changed slightly but at the present time their

exact locations are not available.

1.0' PURfOSE
Tﬁe only usable rain rate data currently available for estimat-

'ing conditions in the White Sands area is that deduced from the U. S.
‘Weather Bureay Excessive Short Duration Rainfall Statistics for

El Paso, Texas, and Albuquerque, New Mexico. However, due to the
proximity of the San Augustine Mountains to the WSTF, there could

be considerable differences between the rainfall at WSTF and the
rainfall which occurs at Eeraso/Albuquerque. These differences
‘coqld greatly'affect the annual'communications outages that have

" been caiculated. Furtherﬁore, there are no data available for
determining thé'adﬁantage of site diversity at a location such as
WSTF. Thus, the 1nstallatlon and data collection of ten rain gauges,
as desarlbed in thlS document, will be of paramount importance to:

(a) Obtain Statlstlcs for the WSTF area which will allow the
determlnatlon of rain rate statistics, cell size, shape and velocity
and . consequently the expected communications cutages and the value of
separating ground antennas from about one to five miles; and
 (b) Validate the individual components of the MITRE rainfall

rate attenuétion model (e.g., the relationship between the excessive
short’ duratlon rainfall. statlstlcs and the true rainfall rate distri-

. butlon)
17
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The results of thlS -experiment could have a profound effect on the
'Vcost of the grcund antenna system. For example, if it can be deter-
mined that there is a significant decrease in the power margin needed
to obtain the desired availability by separating the antennas by
four miles, then it may be possible to use smaller diameter antennas
with a corresponding lower cost. |

The remainder of this paper specifies the geography, installation
techniques, and data collection procedures that should be followed

to ensure success of the experiment.

2.0 GEOGRAPHICAL LAYOUT )

The sketch in Figure 4 presents a suggested layout for the ten
tipping bucket rain gauges;' The figure is drawn roughly to séale.
'The rain gauges are laid out_in“a4"cross" pattern which is oriented
approximately north-south, in a line parallel with the general
orientation of-the St. Augustine Mountains and the three potential
~antenna sites.  The separation among gauges is approximately one
mile. o ‘

An attempt has been made to locate the rain gauges near existing
fac111t1es and roads so as to minimize the effort required to ser-
vice them. The exceptions to this are gauges 3, 6, and B8 which are
located in relatively ﬁlét country and should not be too difficult
to service. Gauges;§;19, and 10 are located under the 120° azimuth
path from the radioﬁéter to the TDRS. Gauge number 10 is located
just -off the WSMR Post Area access road at a distance of ten miles
from the center line of the "cross". Information from this gauge
should 1nd1cate differences between rainfall activity at the begin-
ning and near the end of the path, the latter being across the St.
Augustine Mbuntain Range.

“This suggested layout may be modified slightly at the time of
installation if it is determined that certaln locations are undesir-
able because of inaccessibility, conflict with other WSTF'activlﬁzéé,

18
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etc. The final locations should, however, be'clearly indicated on

a'maprofmthe area, drawn .to scale. -

3.0 EQUIPMENT INSTALLATION | _

The installation of the rain gauges should be done with care
and according to the instruction Supplied by the manufacturer. For
examﬁle, the gauges should be on level ground (i.e., not on a slope
- 0r a roof) and the exposure at each site carefully considered, The
gauges should be firmly fixed so they will not be blown over or
tilted by the Strongest winds. The sﬁrface on which they are located
should not be hard and smooth in order to avoid water splashing into
.the gauges. The rim of the gauge should be horizontal and set with
a level.

In a similar manner, the event recorder should be installed
according to trhe specifications of the manufacturer. The recorder
should be located far enough from the rain gauge so that rain will

not splash from the recorder into the gauge.

4.0 DATA COLLECTION

The ultimate Success of the experiment depends on the proper
calibration ang identification of the data, Thus, the following
Procedures should be followed when'gathexing the data:

{a) The paper'taﬁes.should be collected and replaced at least
“every.twelve days_§i£ce the'capacity of the tépe is only slightly
more thanlthis. _

fb) The tape should_be started such that a major division
-€orresponds to the hour or the.half-hour. Each inch shoulg corres-
pond to.bne-half HOur. Time and data should be clearly marked on

the tape.’
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o {d) In order to developféorfelation~between-the-gauges, the
same time standard (e.g., watch) should be used in marking all tapes.
Similarly, the time standard should be calibrated before changing
tapes and the same calibration source (e.g., WWV) should be used
every time,

A(e) When changing tapes the rain gauges should be inspected
for damége'and any needed minor repairs should be performed and
noted on the tape (e.g., sand cleaned out of tipping bucket).

(£) Batteries should be replaced when needed and ink supplies
(if. any). checked. Refer to manufacturer's instructions for recom-
mended -times. -

(g) A daily log should be kept noting the date and approximate
times when any qf the above functions were performed. In addition,
‘a weather observation shduld be noted each day (e.g., thunderstorm:

- about 4 pm, no rain today, etc.).

21



APPENDIX II
" COMPUTER PROGRAM LISTING
This Appendix presénts a8 listing of the program which converts
- the raw data from the chart recorders ‘to tables of rainfall rate,
-attenuation, and toral accumulation (see Tables I, IT and III in the

text). The listing contains detailed instruction for preparing the

data cards.

- 22
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STHT LiVEL NEST :
1 ¥ALA  3FWAOCECURE CRTICNSINMAEN)
Fi

THIS PROGRAM TAKES THE INPUTS UF THE TN K£IN GAUGES AT
THE NASA MEITE SANUS TEST FACLLITY AKND CUNVERTS T QALN
RATE

THE DATA ARE PKEPAREC AS FCLLOWS: _
. FOR EACH STURM GK EVENT A CARD CF THE FELLCWIAG £CRM

EE R LR+ L .
N
CEAERILY 1 1873 313,75
- ) EEEERE T B ., 7

TEIS CARL COKTAIRS THE MLKTR IN GUGTES.THE EAY,THE YEAF, -
ANC FHE TIME WhICw FHD FIRST SAMPLE STAPTSe THES TIME -SHCULR
BE THE SAME FCR ALL TEN GALGES AND SHUULD 8L THE EakL1FST
TEME wHICH PAIN Is RECCRDEC FCR ANY GALGES ;

o
!
AFTER THIS CARC THERE SHCULC EBE TEK SETS CUF (ATA CASDS e ONE

FLR £ACKF RAIN CAUGHs B TYPICAL SET wiULD LOOK CLIKE TﬂE
FOLEUORENG:

ERFTTTITS

TCALCE ACT 1 B2 YRCINTST
I 2?0612 39 7C ¢4

RIS L EE )]

. THE-FIRST CART TEENTIFIES THE CANGE RUMBER AND- THE RUMEER OF
. PLINTS T BE ENTERED,
THE MEXT CARC CONTAINS THE DATA POINTS (BESCHIBED #E&Ch) IK
FHEE FCRMAT, REMEMEERyTHERE ARE 10 SULH SETS FOR EACH
5TCk"e IF 8 GAUGF RECTEVD NC RAIN, THEN ENTER O . FGR - THE
"o NUMRER (F FGINTS, ALt CATE SHCLL START AT THE TIME GIVEN ON
: THE HEAC £ARD- BUT CAN END WwHEN THERF 15 KC MORE DATA.

i ' THE DATA PCINTS ARE AS FLLLOWS:

LUENT THE MUMBER OF VERTICAL PEN MUVEMENTS PER ANE-EJGHTE
INCH TEME INCREMENT (34745 MINUTESY REMEMAERING THAT THERE
ARE 2 PEN FMOVEMENTS PRk VERTICAL DIVISION ON THF CHART,

l - - EF THERE ARE MORE THAN 300 STCAMSGR MURE THAN 500 PGINTS
. FOR ARY ONE RAIN GAUGE THAN ThE DIMENSIONS IN' THE
CECLARE STATEMENTS SHOULD BF I[NCTEASEDR APPRCPTATELY.
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CleclLakE bphh&(hc 50013

TECLUNR RATETLE snc&

CECLARE %) Ghak CTFR(105 VaRy NGy

CECLARE X2 ERACTER(1C), VARYTRG
Ceclare MLNTP(jOOI CHARACTERIIDI VARYING]
EtLLARE DAYIBCO)

[ECLAFE Ytﬂk(]ﬂﬂl. : .
CELLAKE TINS{30C); : S
CECLARE BTN{ LG, scur.
CECLARE  NPOTAT(10%;
TECLARE TGALGE(IC);
CECLAME SuM{icC);

AOINITIAL "ARRAYS %/ -

"FCINT=0;

‘RATEaC;

CAY=0;

YEAR=C; .

TIMS=0; ' .
ATh=03 : Y
‘IGAUGE=03 -

‘KPOINT=03

/% SIARTLCUF CN STORMS &7 ‘
N . A 19 z!wr,_-!"' y AL
'DCCNSTCRM=1 TC 300; 7+ ‘CHANGE 'THIS 'IF'NU. oF STOAMS EXCERDSH/

A% REAC \EAL CARD +7

OK (ENDRILE 1L SYSEND 60 TR ROUT; e e e e
bFT:LGSTlFChTH(NSTDRH" DAV(NSTQ l.VEhFlNSTURHlrTlMSlNSTORNJl:

f* START LLCUF ON £ACH RETN GALEE *7

L NCALGE=L TC 1€ ) e e -
GET LISTAXL.TGAUGEINGAUGE )3 NPOINTINGAUGT) X2} }

BC A=1 TC MFCINY(NGAUGE};
GET L!ST‘PLINT(IGAUCFINGAUGE);NII.
END ;

ENC3

/% ALL CATA FCR NSTCRM ACh REAG IN

PAGE



T4

MAlN

PFRCCECURE CPTIONS{MAINIG ' o ‘ FAGE

STMT LEVEL NEST

32
33
a4
35

E1

a7

LT

5

4ir

<
43
44
45

4é
o
46
50
51
5&
5

b4

55,
S6

57
58

S

LU

6l.

55

6é&

L el SR

P e s e e et e e e R e

Fet b g bt e

..
L R O R N N Y e T

L e B Lo

[}

ACW LONVEFT TO KALNRATE +/

/% THE

ELEVATICN BAGLF %/,
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% ALb

L 2% ALk

IC NGAUGE=l 1C 103

T L=l TO NPCINTUNGAUGED:
RATCANGAUGE 1 1=0CIRTENCAUGE , [4#0.367 .
EMD ;

CEND;
WHOLE AHRAY, CAN BE USEU TO GET STTEMUATIUN AT A 20 DEGKEG

-

ATNZaC39%Ga 355 ((HATE®2E,41958,155);
PRINT RESULTS FCR TRIS STCOM s/ -

PUT ELITIfPFSLLTS FUR STCUEM OGN 'y MURTHIKSTORM ) LAYINSTORM ),
YEARINSTURM) F(R(FL) )G

SFCRMAT(PAGE«SKIF{2 )y COLUMNISO Ny hig ko FI2 4 FL5));

FUT ECIT(YRATAFALL HATE ER INCHES PEIR HULK')IRIFS)
TFORMAT(SKIP(Z ) LT LUNNISY) 2} 3

PLT EDITO*TIMET y[1C)* CGAULE NC Y I{RIFZ));
SFOFMATISKIP3}4X[2)4A208),10 A3 |
PUT ECIT(III'Izl'l3l'lql'is',léi.l?l'lst"l"l'lllli’lH“F?,':
SRFORMATLSKIP« X121, 1008 X505 .

PRINT LLT ThE RAINFALL RATES #/

k=1i .
GC =1 TC 13; e
IF NPCENTLII2K THEN R=MPCINTI1);
ENG;
T=TIMSINSTCAM};
CC [=} 70O K3
PLY ELITIT," TIISKIF{Z2 ) X{304FEBy 3142} ;
0C J=1 TO IC;
FUT ECIT{RATE(J1}I(FILO,4 )05
EADS
TeT+#3,75; . -
12=T4100; - .
Ti=TRLNCLTZ2); B
TE=TZ=-T3;
1F TE >= €L THEN T=T+40;
IF T »= 2400 THEN T=0;
ENC .

FRINT ATTENUAT ICK T2BLE */

PUT ECITC(4RESULTS FCR STGRM ON *,MONTHINSTORMI ,DAVINSTCRM),
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CEC J=1 10 103,

L YEARUINSTGRMIV(RLFLS); _
PUT ECITUPATTENLATICN AT A 20 CEGREL ELEVATIGN ANGLE Ih LCAY)
(RUESIY; o o
PLT ECITE*TIMEY ({1E) Y GAUGE NE *)ER(F21];

- PyT hEiTI'1'.'2'-‘3‘0'4'-'5'.'b'.'1"'5'.'9'.'10411R(F3));

I=TIMEINSTORM} ;
CC 1=1 70 K ’ -
CPUT LCITLT,» CUISKIPIZ ), X314 18,320 ,0003
ponJ=1 TO o3 -
PUT™EQITE ATNId5LVI(FL10,4))3
END; .
T=T+3,15; N
Te=T£100; '
13=TRLRC(T2) ;
TE=T2-T3; ‘ '
IF TE 3= L60 THEM F=T+40: o '
IF U 2= 2400 THEN T=0j . !
ENC;

CETERMINE 2AIN ACCLMLLATION ®f -~

Siiv=0;

CO T=1 TL ARCINTLJ};
SUMCII=SLMILI+PCINTES, 135
END; .

ENF .

EUM=SLME0,0];

FRINT RAINFALL AtCLPULﬂTlUHS sy

FUT ECITU*RAIN ACCUMULATICNS FOR EACH GAUGE® MPAGE,SKIP(2),
X200 A ’ ’

CC J=1 Ta 143 - '

PUT ECITL'FAEN GAUGE K. T JaSUMLIY 0 INCRES* JLRA{F4) )3

{FGFH»T(SK[PI2!-ApF(3lnF(6¢2lvﬁl;

-EMD;

LATA FLR THIS S5TORM NCW PRINTED */

FCINT=C;
RATE=C;
ENE;

PUT EOITLPARRAY CIMENSIONS MLST &E INCFEASED TC PROCESS MORE SY

ORMESNISKIF, 2):5TCP;
LY

1510p;
ENE MAIN:
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